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vABSTRACT
The Shell Eco - marathon is an educational project that challenges competing student
teams to design, build and drive the most energy-efficient vehicle. The winning vehicle
is the one that travels the furthest using the least amount of fuel. Contestants at the Shell
Eco-marathon find increasingly innovative ways to squeeze more out of a litter of
energy. They can make it last for the equivalent of several thousand kilometers. The
Shell Eco-marathon aims to inspire engineering students to develop new approaches to
sustainable mobility and fuel efficiency. One of the main points to achieve fuel
consumption is by reducing the weight of the car chassis. In this study student will
design a new chassis for UMP team who participated in SEM challenge. The designed
chassis then will be analyzed with required load and will select the best chassis from the
parameters. The selected chassis will be proposed to the UMP team to be used as the
next urban concept car chassis.
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ABSTRAK
Shell Eco-Marathon adalah satu projek pendidikan yang mencabar pasukan pelajar
bersaing untuk mereka bentuk, membina dan memandu kenderaan yang paling cekap
tenaga. Kenderaan yang menang adalah yang bergerak paling jauh dengan
menggunakan jumlah bahan api yang sedikit. Shell Eco-marathon bertujuan memberi
inspirasi kepada pelajar-pelajar kejuruteraan untuk membangunkan pendekatan baru
untuk mobiliti mampan dan kecekapan bahan api. Salah satu perkara utama untuk
mencapai penggunaan bahan api yang sedikit adalah dengan mengurangkan berat casis
kereta. Dalam kajian ini pelajar akan mereka bentuk casis baru untuk pasukan UMP
yang mengambil bahagian dalam cabaran SEM. Casis yang direka kemudian akan
dianalisis dengan beban yang diperlukan dan akan memilih casis terbaik dari parameter.
Chasis yang dipilih akan dicadangkan kepada pasukan UMP untuk digunakan sebagai
casis kereta konsep seterusnya bandar.
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CHAPTER 1
INTRODUCTION
1.0 INTRODUCTION
The shell Eco - marathon is an educational project that challenges competing
student teams to design, build and drive the most energy-efficient vehicle. The winning
vehicle is the one that travels the furthest using the least amount of fuel. It does not
consider the time to finish the travel but contestants are required to complete the travel
with minimum given fuel. This means a lot to the efficiency of the car. Teams can enter
two categories, which is, Prototypes: futuristic streamlined vehicles where the primary
design consideration is reducing drag and maximizing efficiency. The other one is,
Urban Concept: vehicles built to more conventional four-wheel roadworthy criteria.
Contestants at the Shell Eco-marathon find increasingly innovative ways to squeeze
more out of a litter of energy. They can make it last for the equivalent of several
thousand kilometers.
The Shell Eco-marathon aims to inspire engineering students to develop new
approaches to sustainable mobility and fuel efficiency. It is a major educational project
that encourages and fosters innovation in which students work together to explore
potential solutions to both current and future transport and energy challenges.
Considering the type of the competition, we consider about the total weight of the car. It
is because the weight of the car plays an important role in reducing fuel. The main part
that will contribute to the increment of the weight is the chassis of the car. Thus in this
analysis we will focus on the weight of the engine and driven. The chassis configuration
must be light enough but developed at high total stiffness or rigidity to avoid
deformation that might occur during accidental collision.  For safety reason, first we
2will consider on the deflection of the chassis component especially of the concentrated
load exerted by the driver. However, considering “if situation”, then we will look at the
accidental collision. The roll bar is very important to protect the driver if the car gets
upside down. In order to develop the car chassis that have high resist to deformation
upon load, first we have to study the profile of the chassis that needed to fabricate. For
this coming competition, the team has decided to build the ‘space frame chassis” rather
than another type of chassis design.
1.2 PROBLEM OF STATEMENT
Based on the previous Shell Eco Marathon competition, most of the design of
urban car is not satisfying these criteria:
i. Design the four wheel urban car which maximum vehicle weight, without the
driver, is 205 kg, the maximum height must be less than 130 cm; the wheelbase
must be at least 120 cm, the maximum total vehicle width must not exceed 125
cm, the maximum total length not exceed 350 cm.
ii. Existing design not enough strong enough due to heavy load.
iii. Ordinary design of four wheel urban car is less fuel-efficient due to the weight
factors of the vehicle.
1.3 OBJECTIVES
After considerations are made corresponds to the project background and the
problem faced, it is decided that the objectives of the project are such;
i. Improve existing design and analyze the car chases based on requirement given.
ii. Simulate the design using software.
31.4 PROJECT SCOPES
This project is focusing on the design and development of the integrated chassis
of an urban concept car which able to travel with less amount of energy. This focus area
is done based on the following aspect;
i. Evaluate current design.
ii. Design a new chassis based on the body shell proposed.
iii. Select the best option to be implemented.
1.5 PROJECT METHODOLOGY
NO
YES
Start
Identify the chassis
criteria
focompetition
Redesign the old chassis based
on requirement given
Analyze the chassis
using Solidwork
Find problem and failure in
previous chassis
Design a new
chassis
Analyze the chassis
using Solidwork Modification
Compare
the chassis
General
End
4The first step starts with the brainstorm to choose the design of the body. The
design of the body will lead to the design of the chassis. There are several designs that
have been proposed for Shell Eco Marathon Urban concept car including the previous
team design and after several discussions the best design for the project is decided.
The next step is redesign the previous chassis based on the rule and regulation of the
Shell Eco Marathon Urban Car Concept. The Chassis is designed for one seated and
aluminum as material.
The chassis will be built on Solidwork software and then will be ready for
analysis. Based on the analysis the weak point of the chassis can be determined and the
point that will lead to the failure can be found.
The problem and failure in the previous design will be discussed and will come
out with another idea to overcome the problem.
The next design will be based on the aluminum and fiberglass as the material.
The new chassis will be designed for the three designs. The design will be made as to
improve the previous design.
The new design is analyzed and compare with previous design. When the new
design is better than the previous one, the new chassis will be ready for his blueprint.
CHAPTER 2
LITERATURE REVIEW
2.1 INTRODUCTION
The aim of this chapter is to give information about the urban concept car in
terms of the design and development. The design consideration, the choice of chassis
design, the material selection and load criteria of the chassis are explained in details in
this chapter. Various sources including journals, thesis reference books and literature
reviews have been carried out and revised in writing this chapter.
Basically chassis is considered as a framework to support body, engine and
others part of the vehicle and the chassis also lend the whole vehicle support and
rigidity. Any of good chassis usually will be structurally sound in every way over the
expected life of vehicle and beyond. This means nothing will ever break under normal
conditions.
The chassis has to maintain the suspension mounting locations so that handling
is safe and consistent under high cornering and bump loads. The chassis must support
the body panels and other passenger components so that everything feels solid and has a
long, reliable life and also protect the occupants from external intrusion.
2.2 DESIGN CONSIDERATIONS
As stated by Shell Eco – Marathon Asia 2012 rules and regulations, the
dimensions provide by the organizer during designing the chassis. The dimensions need
to be followed;
6i. The total vehicle height must be between 100 cm and 130 cm.
ii. The total body width, excluding rear view mirrors, must be between 120 cm and
130 cm.
iii. The total vehicle length must be between 220 cm and 350 cm.
iv. The track width must be at least 100 cm for the front axle and 80 cm for rear
axle, measured between and the midpoints where the tires touch the ground.
v. The wheelbase must be at least 120 cm.
vi. The driver’s compartment must have a minimum height of 88 cm and a
minimum width of 70 cm at the driver’s shoulders.
vii. The ground clearance must be at least 10 cm.
viii. The maximum vehicle weight (excluding the driver) must be 205 kg.
2.3 TYPE OF CHASSIS
Different basic chassis design each have their own strengths and weaknesses.
Every chassis is a compromise between weight, component size, complexity, vehicle
intent, and ultimately cost. And even within a basic design method, strength and
stiffness can vary significantly, depending on the details.
2.3.1 BACKBONE
A backbone chassis is the simplest structure design. It consist of a sturdy tubular
backbone that joint the front and rear axle. These chassis is full enclosed to be rigid
structure and handle all loads (Keith J. Wakeham, 2009). It should be noted that the
backbone chassis can be built through many types of constructions. The space within
the structure is used to place the driveshaft in case of front engine and rear wheel drive
layout.
Further, the drive train, engine and suspensions are all connected to each of the
ends of the chassis. The body is built on the backbone usually made of glass-fiber.
Almost rear wheel drive and front engine vehicles use backbone chassis. The figure
below shows the backbone chassis type.
7Figure 2.1: Lotus backbone chassis
Source: Keith J. Wakeham, 2009
2.3.2   LADDER
The ladder frame is a shorthand description of a twin-rail chassis, typically made
from round or rectangular tubing or channel. It can use straight or curved members,
connected by two or more cross members. Body mounts are usually integral outriggers
from the main rails, and suspension points can be well or poorly integrated into the
basic design.
The ladder frame is originally adapted from ‘horse and buggy’ style carriages as
it provided sufficient strength for holding the weight of the components (Keith J.
Wakeham, 2009). Larger beams could be used if there were higher weight capacity
required. The engine of the vehicle using the ladder frame is placed in front or
something in the rear and supported at suspensions points. Their construction consists of
two longitudinal rails interconnected by many lateral/cross braces, typically made from
8round or rectangular tubing or channel (Automotive Online, 2008). The figure below
shows the type of ladder chassis.
Figure 2.2: Shelby 289 Cobra chassis
Source: Autozine Technical School, 1997
2.3.3 Monocoque
A monocoque chassis can be referred to the vehicle where the external body is
load bearing (Keith J. Wakeham, 2009). Monocoque is a one piece structure which
defines the overall shape of the car. While ladder, tubular space frame and backbone
chassis provide only the stress members and need to build a body around them.
Monocoque chassis already incorporates with the body in a single piece. It's
built by welding several pieces together. It’s different from the ladder and backbone
due to the body construction as mentioned before. The floor pan, which is the largest
piece, and other pieces are press-made by big stamping machines. They are spot
welded together by robot arms some even use laser welding in a stream production
line. The whole process just takes minutes. After that, some accessories like doors,
bonnet, boot lid, side panels and roof are added. The figure below shows the type of
monocoque chassis.
9Figure 2.3: 1958 lotus elite chassis
Source: AutoZine Technical School,1997
2.3.4 Spaceframe
A true space frame has small tubes that are only in tension or compression - and
has no bending or twisting loads in those tubes. That means that each load-bearing point
must be supported in three dimensions. A spaceframe chassis uses a series of straight
small diameter tubes to achieve strength and rigidity with minimal weight. The
technique was formalized during the Second World War, when they were used for the
construction of large frames in combat aircraft. This design was first developed by
Barnes Wallis who was an English aviation engineer (Christoper, 2004).
Now days, mostly there are two main types of chassis used in race cars which
are tubular space frames and composite monocoque (Christoper, 2004). Spaceframes
have been used in the construction of racing car chassis, since the introduction of car
racing in the 1940’s (Christoper, 2004). Spaceframes chassis have been used since the
start of the Motorsport scene. A spaceframe consists of steel or aluminum tubing pipes
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placed in a triangulated format to support the loads from the vehicle caused by
suspension, engine, driver and aerodynamics (Christopher, 2004).
Although the spaceframe type are look like the traditional style, but they are still
very popular today in amateur Motorsport. Their popularity maintains because of their
simplicity, the only tools required to construct a spaceframe are a saw, measuring
devices and welding equipments. The advantage of a spaceframe, comparable to the
monocoque type is it can easily be repaired and inspected for damage after a collision.
Figure 2.3 below shows an example of spaceframe chassis.
Figure 2.4: Mercedes 300LR chassis
Source: Keith J. Wakeham, 2009
2.4 COMPARISON BETWEEN FOUR TYPES OF CHASSIS
Table 2.1: Advantages and disadvantages types of chassis
Type
of chassis
Advantages Disadvantages
Spaceframe i. Provide maximum
strength and minimum
deflection due to the
i. Very complex due to their
triangulated tubular pipes
format.
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support of tubular pipes
Spaceframe chassis
systems is lighter than
traditional steel.
ii. Provides significant
economy in foundation
costs.
iii. Higher torsional rigidity
can be achieved as well
as its light weight.
ii. Construction of spaceframe
chassis is expensive and
requires maximum time
consuming to be built.
iii. The construction is
impossible for robotized
production.
Ladder i. Cheap for hand build.
ii. More suited for heavy
duty usage such as
towing and off-
roading; can be more
durable.
iii. Easier to design, build
and modify
i. Little torsional rigidity, that is
because it is a 2D chassis.
ii. Poor resistance to torsion
overall height will be higher
due to the floor pan sitting
above the frame.
iii. Center of gravity is usually
higher-compromising
stability and handling.
Backbone i. Strong enough for
smaller sports cars.
ii. Easy to be made by
hand thus cheap for
low-volume production.
iii. The most space-saving
other than monocoque
chassis.
i. Not strong enough for high-
end sports cars.
ii. The backbone does not
provide protection against
side impact or off-set crash.
iii. Cost ineffective for mass
production.
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Monocoque i. Cheap for mass
production.
ii. Inherently good crash
protection.
iii. Space efficient.
i. Monocoque construction does
not suit all situations.
ii. Damage to a skin of
monocouque construction
will weaken the whole
construction.
Since the spaceframe chassis is the most suitable chassis type used in the urban
concept car construction in Shell Eco-marathon compared to others chassis types,
hence this concept is applied in this project. It is because the spaceframe chassis provide
a maximum strength and minimum deflection, more lighter and also provides
significant economy in foundation cost.
Space frame chassis design is a tubular space frame that employs dozen of
circular section tubes which provides the maximum strength and it is positioned in
different directions to provide mechanical strength against the force from anywhere.
Space frame chassis uses a series of straight tubes and welded together to achieve
strength and rigidity with minimal weight.
A space frame consists of metal element such as steel or aluminum tubing pipes
placed in the triangulated format to support the loads from vehicle caused by
suspension, engine, driver and aerodynamics effect ( Cristopher, 2004). Space frame
chassis is chosen considering the low cost of fabrication compared to other type of
chassis fabrication such as a monocoque. However, before we go to fabrication, we
need to understand the principle of how this welded tubular component is working
together so that the part will perform at the best result. By performing the simulation in
Solidwork, it is important to know where to draft the connector.
The fundamental principle of a chassis design is that the chassis is designed to
achieve rigidity in term of torsional or lateral forces. The concept of the supporting
frame is by sticking a diagonal element to a rectangular frame to avoid extension of the
frame when applying the load. For this competition, we define the main component as
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the front box, driver compartment and engine compartment. The figure below shows
the torsional rigidity applies to race car chassis.
Figure 2.5: Torsional rigidity of race car chassis.
There are several parameters that are important to take into account. Although
the car will run at low speed, the aerodynamic effect contributes to lateral forces coming
from the front. The frame has to overcome the load from front, side, rear and from the
top (in case of the car get upside down during the accidental collision). The space frame
is by nature are very efficient. Bending moment is transmitted as tension and the
pressure load along the length of each tube. Manufacturing of the frame can be done by
welding extruded tubes together using conventional methods.
2.5 MATERIAL SELECTION
The material that will be used for designing the chassis is aluminum. Due to its
low weight, good formability and corrosion resistance, aluminum is the material of
choice for many automotive applications such as chassis, auto body and many structural
components.
Aluminum alloys tailored by suitable variations in chemical composition and
processing best fit many requirements, like the non-heat treatable A1-Mg alloys used in
chassis optimized for superb resistance against intercrytalline corrosion and concurrent
high strength or the heat treatable A1MgSi alloys for extrusions and autobody sheet
modified for improved age hardening response (Hirsc, 2004).
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With a sound knowledge about the specific material properties and effects
excellent lightweight solutions for automotive application have been successfully
applied by the European automobile industries (Hirsc, 2004).
It is expected that in the near future the use of aluminum with specifically
improved properties will grow in many automobile applications due to the increased an
economical and ecological pressure and due to the positive experience gained from
many successful applications and current developments and that it will multiply its
volume fraction used in cars in all classes and all sizes (Hirsc, 2004).
2.6 CHASSIS LOADING
The frame is defined as a fabricated structural assembly that supports all the
functional vehicle systems. This assembly may be a single welded structure, multiple
welded structures or a combination of composites and welded structures. Depending
upon the type of loads and their direction, chassis is deformed in a respective manner
briefed as follow.
i. Longitudinal torsion
ii. Vertical bending
iii. Lateral bending
iv. Horizontal lozenging.
